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THE SCIENCE OF THE TIDES. 
A Study in Physical Geog-raphy. 

BY 

ALEXANDER BROWNLIE. 

The adherents of tidal science cannot avert the charge that the 
science has a defective title. The most convincing arguments ad- 
vanced against its credibility have come, from themselves. The 
science is wholly artificial, because it was created at a time when 
men were absolutely ignorant of the tides of the world. 

In support of our thesis we cite as witness one of the masters, 
Prof. George Howard Darwin. His book, "The Tides," is the 
latest standard text-book of the science, from which we quote : 

i. "The equilibrium theory is terribly at fault . . . utterly contradictory to 
fact." (Page 160.) 

2. "It is nearly as much wrong as possible ... It would seem as if the moon 
actually repelled water. " (Page 161.) 

3. " Both the dynamical and equilibrium theories must be abandoned as satis- 
factory explanations of the true conditions." (Page 1S0.) 

4. " The form of equilibrium can never be attained by the ocean." (Page 151.) 

5. " The tidal problem is insoluble." (Page 188.) 

The same master further acknowledges that the direct attrac- 
tion of the moon has never been measured; it has never been 
demonstrated that the moon can lift water, although the proof has 
been sought for diligently. By this expert evidence we know that 
the science rests on faith only; but that is not scientific. 

Nevertheless, Mr. Darwin sets it up again on a new basis — 
" The Correct Prediction of Tides": 

6. "Good tidal prediction is one of the greatest triumphs of the theory of uni- 
versal gravitation." (Page 250.) 

7. " The utmost that can be expected of a tide-table is that it shall be correct in 
calm weather and with a steady barometer. But such conditions are practically 
non-existent." (Page 242.) 

The admission in the seventh quotation renders void the claim 
in the sixth. Therefore the new basis is a failure also. Ere leav- 
ing this part of the subject, however, we make the point that the 
tide- tables for the year 1900 by the United States Coast and 
Geodetic Survey predicted the ordinary diminutive tides at Galves- 
ton on the day the waters of the Gulf inundated that city. 

From that practical lesson we ask: If wind travelling 100 miles 
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an hour drove the waters to overwhelm Galveston, what could 
escape annihilation were theory waves, travelling 1,000 miles an 
hour, true ? 

In setting up physical geography as the basis for correct tidal- 
study we set it upon a sure foundation, because founded on ob- 
served facts, and we begin our study by observing carefully the 
longest and best-established co-tidal line in the Atlantic Ocean — 
co-tidal line XII. (meaning 12 o'clock; co-tidal means tide at same 
absolute time). That line forms the boundary of the United States 
from Cape Florida to Montauk Point ; it then disappears from the 
eastern coast, but is observed again in central southern Newfound- 
land. 

The tidal disclosures made by it are absolutely destructive to 
theory. For example, tide is instantaneous on it over 21 of latitude. 
Tide is also instantaneous on it over 24 of longitude; but the 
longitudinal difference is greatly aggravated by a theoretical ex- 
tension across the Atlantic, because that extended line (across the 
Atlantic) means instantaneous tide over 6o° of longitude. Whereas 
the moon, the supposed strongest tide-lifter, takes four hours to 
travel the distance! 

Again, theorists admit that tide is twelve hours late daily in 
travelling to line XII. ; that admission creates an extraordinary 
tidal tangle, because the moon is regular in its movements to the 
thousandth part of a second. 

Moreover, the Atlantic has two flood-tides and two ebbs daily, 
operated on strict schedule time ; and in accordance with that fact 
theorists admit that two floods start daily from the south. Suppose 
we grant it, it follows that two ebbs must start daily from the 
north — and we know by observation that ebbs travel as fast as 
floods — consequently there are four theoretical tides travelling in 
opposite directions 200 to 600 miles an hour! 

In view of all this, our study of line XII. teaches us — 

1. That tide is not due to a travelling wave, because it is instanta- 
neous over 21 of latitude; whereas, theoretically, it takes over 
two hours to travel that distance. 

2. That tide is not due to lunar attraction, because the moon 
cannot drive waves across its own path; that is not consistent 
with the original theory or the modern development. 

3. That tide moves slowly and deliberately from a centre to 
the circumference; therefore Nature itself drops the word "speed" 
— in the sense of a globe-travelling wave — out of the problem. 

4. That tide, studied by the new method — geographical obser- 
vation — is absolutely destructive of the old theory. 



474 The Science of the Tides. 

The new method of observing, fortunately, has a precedent. 
One of the main objects of the Challenger Expedition in 1872 was to 
solve the problem of ocean currents. After a thorough observation 
of them it was finally demonstrated that the circulation of ocean 
currents was due to opposition of temperature. The moon has 
no hand in all that work. And we hereby challenge the claim of 
mathematicians that it is the cause of the other circulation of the 
ocean — the tides. 

Our method of study is not all destructive. On the contrary, it 
is strongly constructive; and in setting forth a new theory we 
claim, as a fundamental principle, that tide is due to opposition of 
level in contiguous masses of water, one mass standing at high 
level, immediately contiguous to another at low level. 

Observation has demonstrated that such conditions exist in the 
Atlantic, and we single out three of these regions to illustrate the 
problem : 

1. We select the region of line XII., or rather its basin, which 
we call The Bermuda Tidal Basin. 

2. We name the region north of it The Greenland Tidal Basin. 

3. We call the region south of it The West India Tidal Basin. 
By observation we know that when tide is high in the Bermuda 

Basin it is low in the Greenland and West India Basins. 

When tide is high in the Bermuda Basin it generates a motive 
power within its own mass, because of its high level — the power of 
gravitational pressure. We are persuaded that its higher waters must 
gravitate toward the contiguous lower waters. Hence, if that is 
correct, then gravitation is the key that unlocks the tidal mystery. 

In like manner, when tide is high in the Greenland and West 
India Basins it is low in the Bermuda, and simultaneously their 
higher waters gravitate toward Bermuda's low level. Each time a 
basin is pressed to highest level a renewal of motive power is in- 
evitable, and that motive power is not exhausted until it has 
pressed the low level up to the high level. 

These three Atlantic basins possess an inherent motive power 
within their own masses every time a mass attains highest level — 
as self-acting of its kind as the actions of earth and moon. 

The new tidal principle just disclosed is that of Double Pres- 
sure, and the same principle occurs in the Irish Sea; that sea 
receives a twofold supply through the two entrances, resulting in a 
simultaneous vertical lift extending from Anglesea to the Firth of 
Clyde; these two geographical units form one small co-tidal basin, 
and in that basin the water rises because of the double pressure. 
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The sea southwards from Anglesea is not co-tidal ; on the con- 
trary, the difference in time increases greatly. 

Besides the principle of double pressure, that co-tidal basin dis- 
closes a large differentiation in the height to which tides rise. 
For example: 

BRITISH SIDE. MEAN RISE. IRISH SIDE. MEAN RISE. 

Annanfoot 23 feet 9 Belfast 7 feet 9 

Maryport 19 " 1 Carlingford Lough 12 " 6 

Liverpool 21 " 3 Dublin Bay 10 " 4* 

Holyhead 12 " 2 Wicklow 7 " o 

By the table we see that Britain is in receipt of an enormous 
supply compared with Ireland; at high tide there is an inclined 
plane sloping downwards from Britain; at low tide the inclined 
plane slopes downwards from Ireland. For example: 

Mean low water Liverpool is 11 feet 3 below mean sea-level. 

<<><<■ ( Kingstown, \ ,, „ ,, ,, (1 
\ Dublin Bay, j' • ' 5 5 . 

The inequality of sea-level is permanent both at high tide and 
low in the Irish Sea Basin. The greater rise on the British side 
seems to be due to the fact that that side lies open to the direct 
line of pressure coming from the Atlantic. But in both channels, 
specially St. George's Channel, the direct effect of that line of 
pressure is seen in the relatively enormous rise at the Welsh ports 
compared with the diminutive rise at the Irish ports of Wexford 
and Arklow. The key. to the position lies in the geographical 
formation of both channels. 

We find that the height to which tides rise and the depth to 
which they fall is purely a geographical question. The rule is: 

As mean low water falls below mean sea-level, so mean high 
water rises above mean sea-level. 

Lord Kelvin, however, suggested another rule in his " Naviga- 
tion ": 

" Why," he asked, "have we tides of twenty to forty feet in some places and only 
two or three feet in others ? Because the waters have not time in twelve hours to 
take the equilibrium form." (Page 165.) 

The figures in the Irish Sea table conflict with Kelvin's theory. 

As for the two and three feet tides the conflict is as great. For 

example : 

Mean rise at Ballycastle Bay 2 feet 1 

Mean rise Mull of Cantyre 3 " 4 

The two stations are some twenty miles apart and co-tidal ; yet 

the Scottish station receives fifty per cent, more water than the 

Irish. The facts of the Bay of Fundy also conflict; we observed its 

forty-feet floods succeeded immediately by forty-feet ebbs. 

* The figures 10 feet 4 at Dublin refer to Poolbeg Light. 
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The tides of nature are visible and not invisible. They disclose 
themselves in a twofold action: first, current speed; secondly, 
speed of moving masses; the current speed is slow, but that of 
masses in motion is fast. For example ; 

Tide is high at Albany 9 hours 33 after Governor's Island, 
New York ; but the current does not travel there at fifteen miles 
an hour. There is nothing occult about the masses in motion; the 
movement is visible and demonstrable. When a basin rises to 
high level the visible rise on the shore is slow, and likewise at ebbs 
the visible fall is slow. The fastest-known current occurs in the 
bore of the Tsien-Tang-Kiang, and its maximum speed, for a very 
short distance only, attains the enormous rate of eleven miles an 
hour. 

With regard to its cause, we believe that problem is now solved 
by geographical analysis. The problem of double tides is also 
solved by the same analysis, and likewise the problem of the Medi- 
terranean tides. All of these problems are, confessedly, insoluble 
by mathematics. 

We have also observed that the rotation of the earth has no 
visible effect on tides; we have not found one case of acceleration 
or retardation that could reasonably be attributed to rotation on 
either side of the Atlantic, or anywhere on the globe; not even 
excepting the Chinese bore — which Mr. Darwin claims as due to 
rotation. 

We have also observed that distance from the Equator avails 
nothing, for tides rise as high in Arctic regions as in Equatorial. 

We deny the claim of theory that Atlantic tide-waves travel 
from the Pacific, and hereby challenge a demonstration. 

There is a vast difference in the visible appearance of tides in 
the two oceans; in the one comparative regularity, in the other 
an exceedingly great irregularity. 

Finally, we demand a separation of the tidal-lunar relationship, 
because there is no scientific proof of relationship. 

As more accurate observation, some fifty years ago, wrested 
weather from supposed lunar control, so more accurate observation 
of tide, now, must sever the antiquated, unscientific relationship. 

The case is a case of facts versus fancies, of observed gravita- 
tional pressure versus undemonstrated lunar attraction. 

At the dawn of the twentieth century, after a guardianship of 
two centuries, the masters of the science confess that the actual 
tides of nature are insoluble by mathematics! 

November, 1900. 



